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HIV RNA Screening Reduces Integrase Strand Transfer
Inhibitor Resistance Risk in Persons Receiving
Long-Acting Cabotegravir for HIV Prevention
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Background. The HPTN 083 trial demonstrated that long-acting cabotegravir (CAB-LA) was superior to tenofovir-disoproxil
fumarate/emtricitabine for human immunodeficiency virus (HIV) preexposure prophylaxis (PrEP). Integrase strand transfer
inhibitor (INSTI) resistance-associated mutations (RAMs) were detected in some participants with HIV infection. We used a
low viral load INSTI genotyping assay to evaluate the timing of emergence of INSTI RAMs and assessed whether HIV screening
with a sensitive RNA assay would have detected HIV infection before INSTT resistance emerged.

Methods. Single-genome sequencing to detect INSTI RAMs was performed for samples with viral loads <500 copies/mL from 5
participants with previously identified INSTT RAMs and 2 with no prior genotyping results.

Results. Major INSTI RAMs were detected in all 7 cases. HIV RNA testing identified infection before major INSTT RAMs
emerged in 4 cases and before additional major INSTT RAMs accumulated in 1 case. Most INSTI RAMs were detected early
when the viral load was low and CAB concentration was high.

Conclusions. When using CAB-LA PrEP, earlier detection of HIV infection with a sensitive RNA assay may allow for earlier
treatment initiation with the potential to reduce INSTI resistance risk. Further studies are needed to evaluate the value and

feasibility of HIV RNA testing with CAB-LA PrEP.
Keywords.

HIV; HPTN; INSTT; cabotegravir; injectable; integrase; PrEP; prevention; resistance.

The HIV Prevention Trials Network (HPTN) 083 trial com-
pared the efficacy of long-acting injectable cabotegravir
(CAB-LA) to daily oral tenofovir disoproxil fumarate/emtrici-
tabine (TDF/FTC) for human immunodeficiency virus (HIV)
preexposure prophylaxis (PrEP) [1]. The trial enrolled cisgen-
der men and transgender women who have sex with men in the
United States, South America, Africa, and Asia. The trial dem-
onstrated that CAB-LA was superior to TDF/FTC for HIV pre-
vention [1]. In December 2021, CAB-LA was approved by the
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US Food and Drug Administration (FDA) to reduce the risk of
sexually acquired HIV-1 infection [2].

HIV infections in the CAB-LA arm were rare in HPTN 083.
In the blinded phase of the trial, only 16 infections were detected
among 2282 participants with 3205 person-years of follow-up (4
baseline, 12 incident; incidence, 0.41 per 100 person-years) [1].
In many of these cases, retrospective testing showed that viral
replication was suppressed for long periods and anti-HIV anti-
body production was significantly delayed and diminished [3].
Consequently, detection of these infections was often delayed at
study sites where HIV rapid tests and a laboratory-based anti-
gen/antibody (Ag/Ab) assay were used to screen for HIV infec-
tion [3]. In some cases, delayed HIV diagnosis led to provision
of CAB in persons with undetected HIV infection, delayed an-
tiretroviral treatment (ART) initiation, and emergence of resis-
tance to integrase strand transfer inhibitors (INSTIs). Delayed
HIV diagnosis also has potential to impact personal health
and on-going HIV transmission. Our prior studies demonstrat-
ed that infections in persons with recent CAB exposure were de-
tected earlier using sensitive HIV RNA testing [3, 4].
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Use of any antiretroviral drug for HIV prevention has the po-
tential to lead to resistance if baseline infections are not detected
before starting PrEP or if infection occurs after PrEP initiation.
This could potentially compromise use of the specific PrEP
agent or other drugs in the same drug class when used as a com-
ponent of a subsequent HIV treatment regimen [5, 6]. We pre-
viously evaluated INSTI resistance in the 16 cases of HIV
infection that were identified in the CAB arm of the trial before
study unblinding [3]. In that study, HIV genotyping was per-
formed for samples with viral loads >500 copies/mL. INSTI re-
sistance associated mutations (RAMs) were detected in 5 cases.
Testing was not performed in 2 cases because the viral load was
<500 copies/mL at all study visits [3].

In this report, we used a low viral load INSTI genotyping as-
say to analyze samples from the 5 cases noted above with INSTI
resistance and the 2 cases with no prior resistance results. This
provided additional information on the timing of emergence of
INSTI RAMs. We used these data to evaluate whether use of a
sensitive RNA assay for HIV screening in persons receiving
CAB-LA PrEP would allow for ART initiation before INSTI
RAMs emerged, potentially reducing INSTI resistance risk.
This is of particular relevance to use of CAB-LA in the
United States because the US FDA prescribing information
specifies use of an RNA assay for HIV screening with
CAB-LA PrEP [2].

METHODS

HPTN 083 Study Design

Information on the design and outcomes of HPTN 083
(NCT02720094) is presented in the primary study report [1].
Participants randomized to the CAB arm received 5 weeks of
30 mg of oral CAB daily, followed by CAB-LA injections of
600 mg of CAB as a single intramuscular injection in the gluteal
region for approximately 3 years (2 injections 1 month apart
followed by injections every 2 months). Participants who dis-
continued CAB injections early or completed all scheduled
CAB injections were offered daily oral TDF/FTC PrEP for 48
weeks. The blinded phase of the trial was stopped early by a
Data Safety Monitoring Board when trial data demonstrated
that CAB-LA PrEP was highly effective. This report includes
data for visits that occurred in the blinded phase of the trial
(prior to 15 May 2020).

Testing at Study Sites

HIV testing was performed at study sites as previously de-
scribed [3]. Participants were required to have a negative
HIV RNA test within 14 days before study enrollment. At en-
rollment and follow-up visits, participants were screened for
HIV infection using 1 or 2 HIV rapid tests and an
FDA-cleared laboratory-based Ag/Ab test. Locally available
tests were used to confirm infection; an ultrasensitive HIV

DNA test was performed at Johns Hopkins University
(Baltimore, MD) in real time in selected cases.

Retrospective Testing

Retrospective testing was performed at the HPTN Laboratory
Center as described [3]. This testing included confirmation of
HIV infection, determination of the timing of HIV infection,
viral load testing, HIV resistance testing, HIV subtyping, and
quantification of CAB concentrations. Viral load testing was
performed using the RealTime HIV-1 Viral Load Assay
(Abbott Molecular; lower limit of quantification, 40 copies/
mL); selected samples were also analyzed using a single-copy
RNA assay [7]. HIV genotyping was performed previously us-
ing the Genosure PRIme assay (Monogram Biosciences) for
samples with viral loads >500 copies/mL. CAB concentrations
were determined by liquid chromatography-tandem mass
spectrometry. In this report, INSTI genotyping was performed
for samples that had a positive result with the APTIMA HIV-1
RNA Qualitative assay (Hologic; lower limit of detection, 30
copies/mL) and had <500 HIV RNA copies/mL (see below).
The Stanford HIV Drug Resistance Database [8] was used to
classify INSTI RAMs detected by the GenoSure PRIme and
low viral load single-genome integrase sequencing (low VL
SGS-IN) assays as accessory mutations or major INSTI
RAMs. HIV
Biosciences for samples analyzed with the GenoSure PRIme as-

say [3].

subtyping was performed at Monogram

Classification of HIV Infections

Results from HIV testing performed at study sites and the
HPTN Laboratory Center were reviewed by an independent
committee, which determined HIV infection status and the
timing of HIV infection [3]. Two key visits were identified
for each case. The first HIV-positive visit was identified based
on results of retrospective HIV RNA testing performed at the
HPTN Laboratory Center [3]. The first site positive visit is
the first visit where the participant had a reactive rapid test
or a reactive Ag/ADb test at the study site [3]. Infections were
classified based on the timing of HIV infection: (1) baseline
infections, (2) infections with no recent CAB exposure,
(3) oral-phase infections, and (4) infections that occurred de-
spite on-time CAB-LA injections [3].

Low Viral Load INSTI genotyping

Single-genome sequencing of a portion of HIV pol encoding
the entire integrase protein was performed at the University
of Pittsburgh using the low VL SGS-IN assay as described pre-
viously [9, 10]; 1-1.5 mL of plasma was used for testing. Testing
involved extraction of HIV RNA; reverse transcription to gen-
erate cDNA from the HIV integrase coding region; end point
dilution of cDNA to a single HIV template per polymerase
chain reaction (PCR) reaction as determined by Poisson
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distribution statistics; amplification of cDNA with the genera-
tion of a 0.95-kb reverse transcription-polymerase chain reac-
tion (RT-PCR) amplicon; and sequencing of amplicons by
SGS. Primers used for amplification were selected based on
known HIV subtype or likely HIV subtype based on the geo-
graphical location of the study site. Gel Red readouts were fol-
lowed by 1% agarose/l X SB gel electrophoresis for size
confirmation of PCR products. Bidirectional sequencing of am-
plicons by the Sanger method was performed for 8-119 inde-
pendent PCR reactions per sample. Primers used in the low
VL SGS-IN assay are described in Supplementary Material
File 1. The following modifications were used for samples
with <300 HIV RNA copies/mL: all of the extracted RNA
was used for cDNA synthesis; cDNA was diluted 1:2 in 5
mM Tris-HC; all of the diluted cDNA was used to seed multi-
ple PCR reactions.

Sequence alignments and phylogenetic analyses of integrase
sequences were performed as reported previously [10]. Briefly,
sequences were aligned to the LAI reference strain; quality con-
trol was performed on sequences; sequences were trimmed to
an appropriate length; references were removed; and Contigs
were generated using Sequencher version 5.0 (Gene Codes).
Phylogenetic analysis showed clustering of sequences from
each participant with no evidence of cross-contamination
(Supplementary Material File 1). GenBank accession numbers
of the sequences generated by the low VL SGS-IN assay are
OP539111-0P539272.

Interpretation of CAB Concentrations

The CAB-LA regimen used in HPTN 083 was meant to achieve
CAB concentrations above the in vitro protein-adjusted con-
centration required for 90% viral inhibition (>1 X PA-ICq;
0.166 pug/mL) in 95% of individuals, >4 X PA-ICy, (0.664 pg/
mL) in 80% of individuals, and >8 X PA-ICy (1.33 ug/mL)
in 50% of Median CAB
>8 X PA-ICy, have been associated with viral suppression in

individuals. concentrations
treatment studies [11]. However, CAB pharmacologic corre-
lates of protection against HIV acquisition have not been char-
acterized in humans; efforts are ongoing to determine target
protective concentrations for PrEP.

Ethical Considerations

The HPTN 083 protocol was approved by the institutional re-
view boards and/or ethics committees and ministries of health
for all participating sites [1]. All participants provided written
informed consent.

RESULTS

Study Cohort
This report describes further characterization of 7 cases in
HPTN 083 using the low VL SGS-IN genotyping assay (see

“Methods”). INSTI RAMs were previously detected using the
GenoSure PRIme assay at 1 or more study visits in 5 of the 7
cases; genotyping was not performed using this assay in 2 cases
because the viral load was <500 copies/mL at all study visits [3]
(Figure 1). In 1 case (A2), the participant had HIV infection at
study enrollment that was not detected by HIV RNA testing
performed at the study site at the screening visit. In 2 cases
(C1, C3), HIV infection occurred during the oral lead-in phase.
In the remaining 4 cases (D1-D4), HIV infection occurred in
the setting of on-time CAB injections. Detection of HIV infec-
tion at the study sites using HIV rapid tests and an instrument-
ed Ag/Ab assay was delayed in all 7 of these cases (median time
after the first HIV-positive visit, 60 days; range, 35-117 days). A
summary of clinical and laboratory data for each case is provid-
ed in Supplementary Material File 2.

Analysis of INSTI resistance Mutations
Twenty-one samples from the 7 cases were analyzed using the
low VL SGS-IN assay. Samples selected for testing had a posi-
tive qualitative RNA assay (APTIMA HIV-1 RNA Qualitative
Test, limit of detection, 30 copies/mL) and a viral load <500
copies/mL. Results were obtained for 18 of the 21 samples test-
ed; those data were combined with data obtained previously
from the GenoSure PRIme assay (Figure 2, Figure 3, Figure 4,
and Table 1). One or more major INSTI RAM was detected
in all 7 cases. Genotyping results were obtained at the first
HIV-positive visit in 5 of the 7 cases (testing failed in 2 cases);
a major INSTT RAM was detected in 1 of the 5 samples with
genotyping results. Genotyping results were obtained at the
first site positive visit in 6 of the 7 cases (testing was not per-
formed for case D2 because the qualitative RNA assay was neg-
ative at that visit); 1 or more major INSTT RAMs were detected
in all 6 of those samples. Additional data from the low VL
SGS-IN assay is provided in Supplementary Material File 1.
In addition to testing the 7 cases described above, low VL
SGS-IN testing was also performed for selected samples from
HIV infections identified in the blinded phase of HPTN 083
that had no major INSTI RAMs detected with the GenoSure
PRIme assay. This included 3 additional baseline cases (Al,
A3, and A4) and 1 oral-phase case (C2); samples were not test-
ed for the 5 cases with no recent CAB-LA exposure because all
of the relevant samples had viral loads >500 copies/mL. No ma-
jor INSTI RAMs were detected with the low VL SGS-IN assay
in these cases.

Characteristics of Infections at the First Visit With a Major INSTI RAM
Detected

Table 2 shows the characteristics for each case at the first visit
where a major INSTT RAM was detected. In 6 cases, INSTI
RAMs were first detected close to the time of the first
HIV-positive visit (median 38 days, range 0-62 days); in the
seventh case (D2), genotyping results were not obtained near
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Enrolled and randomized to CAB
N=2282
3205 person-years follow-up

Y

HIV infected
N=16
(4 baseline and 12 incident infections)
Annual incidence: 0.41 per 100 person-years

HIV genotyping (VL >500 ¢/mL)

Y

Evaluated in this report
N=7
* 5 Major INSTI RAMs
» 2 Not assessed (all VLs <500 ¢/mL)

Low VL INSTI genotyping (VL <500 ¢/mL)

Y

Major INSTI RAMs
N=7

* 1 baseline
+ 2 oral phase
* 4 injection phase

Reactive rapid and/or Ag/Ab test
1% site pos visit

Y

Positive qual RNA test
1t HIV pos visit

Major INSTI RAMs
N=6/6 (100%)
(1 not tested)
* | baseline
* 2 oral phase
* 3 injection phase

Figure 1.

Major INSTI RAMs
N=1/5 (20.0%)
(2 failed low VL genotyping)
* 1 injection phase

Study cohort and summary of findings. The top box shows the number of persons enrolled and the person-years of follow-up for the CAB arm of HPTN 083. The

second box shows the number of HIV infections identified in the blinded phase of the study and the annual incidence of HIV infection in the CAB arm [1]. The third box shows
the number of participants evaluated in this report. The fourth box shows how many participants had major INSTI RAMs detected at any study visit, among the 16 CAB cases
analyzed to date; this box also shows the breakdown of cases by case type (baseline, oral phase, injection phase). The lower row of boxes shows the number of cases and
break down of cases by case type with major INSTI RAMs at the first visit where the site detected infection based on results from HIV rapid tests and an instrumented HIV
antigen/antibody test (first site positive visit) and at the first HIV positive visit. Abbreviations: Ab, antibody; Ag, antigen; ¢c/mL, copies per mL; CAB, cabotegravir; HIV, human
immunodeficiency virus; INSTI, integrase strand transfer inhibitor; RAM, resistance-associated mutation; VL, viral load.

the time of this visit because the RNA level was too low. In 6
cases, the viral load was <250 copies/mL when major INSTI
RAMs were first detected (<40 copies/mL in 2 cases). In 6 cases,
CAB concentrations at this visit were near or above the
8 X PA-ICy, (observed CAB 1.108 to
3.318 ug/mL). In the remaining case (D2), the CAB concentra-
tion was lower (0.703 pg/mL), but was >3 X PA-ICy, which
was the plasma threshold associated with rectal protection in

concentrations,

nonhuman primate intrarectal challenge studies [12]. In this
case, it was not possible to determine if INSTI resistance was

present at earlier visits with higher CAB concentrations be-
cause RNA levels were too low for HIV genotyping at most vis-
its and the Low VL SGS-IN assay failed at the 2 visits.

Impact of Early Detection of HIV Infection on INSTI Resistance Risk

Major INSTI RAMs were already present in all 6 evaluable cases
at the first site positive visit where HIV screening was performed
using rapid tests and Ag/Ab tests. In contrast, use of a qualitative
HIV RNA test detected all but 1 of these infections before major
INSTI RAMs emerged (Figure 1). In case A2, HIV RNA was
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Figure 2. Case summary: baseline infection (case A2). Key events and laboratory results for participant A2. A case description is provided in Supplementary File 2. Red line
indicates the first HIV positive visit; blue line indicates the first site positive visit; bracket shows the number of days between these 2 visits. Green lines indicate CAB in-
jections. The X-axis indicates the number of weeks since the first HIV-positive test result, the left Y-axis indicates viral load, and the right Y axis indicates CAB concentration.
Horizontal lines indicate CAB cutoffs (1.33 pg/mL=28x PA-ICgq; 0.664 pg/mL =4 x PA-ICqq; 0.166 pg/mL=1x A-ICqy; BLQ <0.025 pg/mL). A target concentration
>8x PA-ICgq was used to interpret drug concentrations. Results from retrospective testing performed at the HIV Prevention Trials Network Laboratory Center are shown
above the graph: + reactive or positive test result, — nonreactive or negative test result. Viral load values are shown (HIV RNA copies/mL). HIV genotyping results are shown
at the top; results from the low viral load single-genome integrase sequencing (low VL SGS-IN) assay are highlighted. All INSTI RAMs are shown; major INSTI RAMs are
bolded. Abbreviations: Ag/Ab, antigen/antibody test; BLQ, below limit of quantification; CAB, cabotegravir; HIV, human immunodeficiency virus; INSTI, integrase strand trans-
fer inhibitor; PA-ICgq, in vitro protein-adjusted 90% CAB inhibitory concentration; WT, wild type.

detected at study enrollment, before major INSTI RAMs were
detected. In 3 cases (C1, C3, D3), RNA was detected at a study
visit before major INSTI RAMs were detected. In 1 case (D1),
RNA major INSTT RAMs were already present at the first
HIV positive visit; in this case, RNA testing detected infection
before additional major INSTI RAMs accumulated. In the re-
maining 2 cases (D2, D4), the impact of RNA screening on
INSTI resistance could not be assessed because HIV genotyping
results were not obtained near the time of infection.

DISCUSSION

We previously demonstrated that sensitive HIV RNA testing is
more likely to detect HIV infection in the setting of CAB-LA
PrEP compared to HIV screening with HIV rapid tests and
Ag/AD tests alone [3]. Here, we demonstrate that HIV screening
with a sensitive RNA assay would have identified infections in
most cases before major INSTI RAMs were detected or before
additional major INSTT RAMs accumulated. Earlier detection
of infection in this setting would provide an opportunity for
earlier ART initiation. In some cases, this might allow for ART
initiation prior to emergence of INSTI RAMs. This could also
potentially reduce the risk for on-going transmission of

INSTI-resistant HIV. Reducing INSTI resistance risk is critical
because the US Department of Health and Human Services,
World Health Organization, and other guidelines currently rec-
ommend INSTI-based regimens for first-line ART [5, 13, 14].
These findings support US FDA prescribing information and
recent guidance from the US Centers for Disease Control and
Prevention (CDC), which recommend use of RNA assay for
HIV screening with CAB-LA PrEP. The US FDA prescribing
information indicates that HIV RNA testing should be per-
formed prior to initiation of CAB-LA and at every injection vis-
it using an assay that is FDA-approved or cleared for diagnosis
of acute or primary HIV infection [2]. Recent guidance from
the US CDC recommends HIV RNA testing using the most
sensitive assay available within 1 week before starting
CAB-LA PrEP, at every injection visit, and quarterly for 12
months after stopping injections [13]. In HPTN 083, HIV
RNA testing was performed within 14 days before study enroll-
ment. Despite this testing, 7 participants were enrolled and be-
gan study products who were later determined to have acute
HIV infection at study enrollment (4 in the CAB arm; 3 in
the TDF/FTC arm) [3]. HIV RNA testing closer to the time
of PrEP initiation may help identify persons with acute infec-
tion before PrEP is started. HIV loads are often very low in
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Figure 3. Case summaries: oral-phase infections (cases C1 and C3). Results for participants who acquired HIV infection while receiving oral cabotegravir: (4) case C1, and
(B) case C3. Key features of the figure are as in Figure 2. Viral load values <40 indicate that HIV RNA was detected below the lower limit of quantification. One viral load result
was obtained with a single-copy RNA assay (asterisk, case C3). Abbreviations: Ag/Ab, antigen/antibody test; BLQ, below limit of quantification; CAB, cabotegravir; EFV,
efavirenz; FTC,emtricitabine; HIV, human immunodeficiency virus; IND, indeterminate; ND, not detected; TDF, tenofovir disoproxil fumarate; WT, wild type.

persons who acquire HIV infection once CAB-LA PrEP is ini-
tiated [3]. To be effective, HIV RNA screening during CAB-LA
PrEP should be performed using a highly sensitive assay. The
ongoing open-label extension for HPTN 083 is evaluating the
performance of an HIV RNA test with a lower limit of quanti-
fication of 50 copies/mL or lower.

In 4 of the cases described in this report, major INSTT RAMs
were clearly acquired due to CAB exposure. In 1 case (D1), a

major INSTI RAM was detected at the first HIV-positive visit;
all HIV tests were negative 42 days earlier. In this case, it is most
likely that the INSTT RAM detected at the first HIV-positive
visit was selected by CAB exposure shortly after infection.
Transmitted INSTI resistance is uncommon [15, 16].
However, it is also possible that this participant had HIV infec-
tion at an earlier visit that was not detected with a qualitative
RNA assay. In 2 other cases (D2, D4), it was not possible to
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Figure 4. Case summaries: injection-phase infections (cases D1-D4). Key events and laboratory results for participants who acquired HIV infection while receiving CAB
injections: (A) case D1, (B) case D2, (C) case D3, and (D) case D4. Key features of the figure are as in Figure 2. Viral load values <40 indicate that HIV RNA was detected below
the lower limit of quantification. One viral load result was obtained with a single-copy RNA assay (asterisk, case D2). The nonnucleoside reverse transcriptase inhibitor
resistance mutation, K103N, is shown in blue text (case D3). Abbreviations: Ag/Ab, antigen/antibody test; BLQ, below limit of quantification; CAB, cabotegravir; DRVc, dar-
unavir/cobicistat; DRVr, darunavir/ritonavir; EFV, efavirenz; FTC, emtricitabine; HIV, human immunodeficiency virus; IND, indeterminate; ND, not detected; PEP, postexposure

prophylaxis; TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

determine whether the participant had INSTTI resistance at the
first HIV-positive visit because genotyping results were not ob-
tained. In these 2 cases, the qualitative RNA was positive at the
first HIV-positive visit even though the viral loads were below
the lower limit of detection of this assay (6.1 and 15.3 copies/

mL, results obtained using a single-copy RNA assay); in these
cases, the qualitative assay was negative at some later visits.
This highlights the challenges of detecting HIV infection, deter-
mining the timing of infection, and evaluating INSTT resistance
in the setting of CAB-LA PrEP. Use of total nucleic acid tests that
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Figure 4. Continued

detect both RNA and DNA may not offer benefit over RNA as-
says in this setting, because HIV DNA was often undetectable or
present at low levels in this setting [3, 4]. Studies are planned to
evaluate performance of additional assays for detection of HIV
infection in challenge samples from HPTN 083.

Only 2 participants in the HPTN 083 CAB arm who ac-
quired HIV infection in the blinded phase of the trial received
initial ART with an INSTI-based regimen (cases B4 and B5);
neither of those participants received CAB in the 6 months

before the first HIV positive visit and neither had INSTI resis-
tance. More data are needed to assess the performance of
dolutegravir- or bictegravir-based ART in infections that oc-
cur in the setting of CAB PrEP. The infections that presented
in this report occurred before or during CAB-LA dosing.
Studies are underway to assess INSTT resistance in infections
that occur in the CAB-LA tail phase (after the last injection);
INSTI RAMs were not detected in preliminary analysis of 3
tail-phase infections [17].
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Table 1.

Summary of cases with INSTI RAMs detected.

Number of
injections Viral load (copies/mL) INSTI RAMs
1% visit with
Clinical HIV After Detection 1SUHIV major INSTI 15U HIV pos
presentation Case ST  Total infection delay (days) pos visit RAMs visit 1°" site pos visit Subsequent visits®
Infected before A2 @ 1 1 60 50,080 204 None M50l, E138K, M50l, E138K,
CAB Q148K Q148K
Infected while C1 B 2 2 47 120 137 L74l, L741, E138E/K, L741, E138E/K,
receiving oral Q146Q/R, G140G/S, G140G/S, Q148R,
CAB E157Q Q148R, E157Q E157Q
C3 B 1 1 35 156.3° 102,329 None E138A, Q148R Not tested/ on ART
Infected while D1 B® 10 3 112 130 130 N155H N155H, R263K° Not tested/ on ART
receiving CAB
injections
D2 B® 98 6.1° <40 N/A N/A N155H, S230R
D3 B/F 3 117 860 <40 None® R263K Not tested/ on ART
D4 C 1 45 <40 158 N/A M50I, Q148R M50I, E138E/K,

G140A, Q148R

#This column shows additional INSTI RAMs that were detected at visits after the first site positive visit.

“These viral load results were obtained using a single copy HIV RNA assay.

°In these two cases, the most likely HIV subtype was determined based on the location of the study sites.

9In this case, an accessory mutation (Q146L) and a major INSTI RAM (Q148R) were also detected between the first HIV positive visit and the first site positive visit.

°In this case, the non-nucleoside reverse transcriptase (NNRTI) mutation, K103N, was detected at the first HIV positive visit.

Abbreviations: ART, antiretroviral treatment; CAB, cabotegravir; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; NA, data not available (no genotyping results
obtained); RAM, resistance-associated mutation; ST, subtype.

Characteristics of cases with INSTI RAMs detected. The first HIV positive visit was identified based on results of retrospective HIV RNA testing performed at the HPTN Laboratory Center. The
first site positive visit is the first visit where the participant had a reactive rapid test or a reactive antigen/antibody test at the study site. Major INSTI RAMs are shown in bold text.

This study has some limitations. First, because of the small
number of HIV infections in HPTN 083, there were few cases
available for analysis; these findings may not be generalizable
to all cases of CAB PrEP-associated infections. Second, a limit-
ed volume of plasma was available for testing with the low VL

SGS-IN assay, results were not obtained for 3 samples with very
low viral loads, and the number of sequence reads obtained for
some samples was low. These factors may have impacted detec-
tion of INSTI RAMs using this assay. Third, this study was lim-
ited to analysis of INSTI resistance in cisgender men and

Table 2. Characteristics of the first visit with a major INSTI RAM detected.

Timing
Viral load Major INSTI RAMs Relative to Relative to the 1°'  Days since the 15'  CAB concentration
Timing of infection Case  (copies/mL) detected injections site pos visit HIV pos visit (g/mL)?
Enrollment A2 204 E138E/K, Q148K/R 1t injection visit Before 40 3.318
While receiving oral C1 137 Q148Q/R 8 days after the 1% Before 17 1.219
CAB injection
C3 102,329 E138A, Q148R 20 days after the 1 Same visit 35 1.108
injection
While receiving CAB D1 130 N155H 8™ injection visit Before 0 1.613
injections
D2 <40 N155H 182 days after the After® 280° 0.703
6" injection
D3 <40 R263K 4" injection visit Before 62 1.213
D4 158 Q148R 4" injection visit Same visit® 45 1.930

#The concentration of cabotegravir associated with protection against HIV infection (PAIC90) is 1.33 pg/mL.

°In these cases, HIV genotyping results were not obtained prior to the first site positive visit.

°Only three of 11 visits during this interval had a positive result with the qualitative RNA assay; two samples from this case failed genotyping.

Abbreviations: CAB, cabotegravir; HIV, human immunodeficiency virus; INSTI, integrase strand transfer inhibitor; RAM, resistance associated mutation.

Characteristics of the first visit with major INSTI RAMs detected. The first HIV positive visit was identified based on results of retrospective HIV RNA testing performed at the HPTN Laboratory
Center. The first site positive visit is the first visit where the participant had a reactive rapid test or a reactive antigen/antibody test at the study site.
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transgender women who have sex with men. CAB pharmacoki-
netics are different in individuals assigned male at birth com-
pared to individuals assigned female at birth [18], which
could impact emergence of INSTI resistance in the setting of
CAB-LA PrEP. Fourth, most of the participants in HPTN 083
were enrolled in the United States and Latin America, where
most infections are likely to be caused by HIV subtype
B. The 7 cases reported here included 4 with subtype B infec-
tion, 1 with B/F recombinant HIV, and 2 with subtype C infec-
tion. HIV subtype can impact the emergence and fading of
drug-resistant HIV variants [19], and may impact emergence
of INSTI resistance in persons receiving CAB-LA PrEP.

While this report supports use of HIV RNA screening in the
setting of CAB-LA PrEP, it is important to put this information
in context. In primary analysis of HPTN 083, only 16 HIV in-
fections were identified among 2282 participants in the CAB
arm with >3000 person-years of follow-up. Only 7 of the 16
cases identified during the blinded phase of the trial had
INSTI RAMs detected; 1 of those participants would not have
received CAB if the infection had been detected prior to study
enrollment and 2 others were infected while receiving oral
CAB, which is considered optional by the US FDA prior to
starting CAB-LA PrEP. There is also an urgent need for effec-
tive methods for HIV prevention that do not rely on daily pill
taking. For these reasons, we believe that CAB-LA PrEP should
be implemented regardless of the availability or feasibility of
HIV RNA screening. Broad implementation of prevention ser-
vices that include CAB-LA PrEP is critical for protecting the
high-risk populations for which CAB-LA PrEP was developed.
In settings where routine RNA screening is not feasible, evalu-
ation of the impact of CAB-LA implementation on INSTI resis-
tance will help inform health policy. Further studies are also
needed to identify optimal ART regimens for treatment of
CAB-LA PrEP breakthrough infections.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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